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(57)Abstract: 

PROBLEM TO BE SOLVED: To prepare an optical film 
having high toughness, and capable of controlling a 
generating phase difference and its wavelength 
dispersion property. 

SOLUTION: 1 . This optical film contains a thermoplastic 
norbornene resin having a photoelastic coefficient (CP) 
of 0-100(x 10-12Pa-1) and a stress optical coefficient 
(CR) of 1,500-4.000( X 10-12Pa-1). 2. This optical film 
contains the thermoplastic norbornene resin comprising 
a polymer containing a structural unit (a) represented by 
formula (1), and at least a part of the structural unit (a) 
contained in the polymer has a group represented by the 
formula (2):-(CH2)p- 0-C(0)-R5 as at least one of R1- 
R4. or at least a group selected from formula (3) or (4) 
which are formed by mutually bonding R2 and R3. 
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i^X^;!/) tli/^D [2. 2. 1] ^7'h-2-X>. 
5-;^5^;b-5- (2 -k::7xx;l/;^;l/.1?x;l/:t4^>'^ 
Ifiy^a [2. 2. 1] ^yh-2-x>. 5- 
40 (3-e>'xx;l/;^;l/4?x;l/;d-^>'^^;l/) eS/^rci 
[2. 2. 1] ^yb-2-X>. 5- (3-lf:7xX 

\£i/^u [2. 2 . 1 ] 
>^h-2-x>; 5~ (1 -':^:7^;l/:^;b3}?x;l/;t4^v/ 
li>^^n [2. 2. 1] ^yh-2-x>. 5 
- (1 --f:7^;b;^;l/7nx;l/^4^S/xf^;l') IfS/^ra 
[2. 2. 1] ^>^h~2-x>, 5--;?<f^;l/- 5 - 

[2. 2. 1] ^>^>-2-x>. 5- (Z-i-y^Jl^ 
eS/^a [2. 2. 1] 
50 h-2-x>, 5- (2-:^:7^;l/;^;l/23<x;l/;i-4^>'X 



(8) 
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^)V) \Li/^X2 [2. 2. 1] -Nyh-2-x>. 5- 
5- (2-:^:75^;l';^;l/>-}C-;l/;t4^S^;^^;l/) 
p<5^;l/t:i/i^D [2. 2. 1] ^yh-2-x>. 5- 

n [2. 2. 1] ^:/h-2-x>', 5- O-Z^h 
^■fex;l/;^;l/;}?-;l/:t^S/X^;l/) tTS/^a [2. 2. 

1] ^7'h-2-X>. 5_^^;1^_5_ (g-T'^j. 

•^■tx;b;^;b.i-;-;l/;t^S/;'<^;l/) tfi/^^a [2. 2. 
1] '^rh-2-x>. 8- (4-e>^xx;l/:;^;l/.1-;- 

"fVyi/^u [4. 4. 0. 
1 ' ' ' . 1 ' • ' ° ] -3-F7='-fe>. 8- (4 -If 
7xx;l/;^;b4ix;l/;t4^>'X^;l/) xh'^S/^n [4. 
4. 0. 1 ^ • ^ , 1 ^ ' ^ 0 ] _3_|*^^^^ 3_ 

;^^;l/-8- (4-tf >^xx;l/:^;l/.K-;I/:t4^v'^^ 
;W -r h-^S/^P [4, 4. 0. l^ - ^. 

T'h'^S/^^p [4. 4. 0. 1 
' ' ' . 1 ' • ^ ° ] -3 - F-rHrv. 8-^^;l/-8 
- (2-t::7xx;l/;^;b4<\:r.;b;i-4ify^^;b) -rh^v- 
^ti 14. 4. 0. l^. 5. io]_3_|*^ 
•tX 8- (3-t:>^xx;l/;^;l.4->x;l/;j-4^>/;>(^;l.) 
T* h^S/^P [4. 4. 0. 1^ - 1^* 'M- 

S-K-r-trv. 8-;><^;l'-8- (3 - 1: :7xx;l/;^;l/ 

-rh^i/^o [4. 4. 0. 1 
' ' ' . 1 ' ■ ^ M -3 - Fr^^-tr^. 8- (1 -'^:7 
^;l/;^;l/:d?x;l/;t*S/^^;l/) -rh^e/^a [4. 4. 

0. 1 ^ ' ^ . 1 ^ • ' M -3 - Fx-fe^. 8-^f^ 
;^-8- (1 -:f7^;l/;d;l/.1-tx;l/;r^S/p<^;I/) x h 
^i/^u [4. 4. 0. 1^' ^. 1^ - '°]-3 — 

F-rHr^. 8- (2 -:f:7^;l/;?7;l/;Kx;b;r4^$/;/^ 
;W xF^S/^P [4.4.0.1^-^. 

1' • ' ' 1 -3-F7=-tr>. 8-^^;b-8- (2- 
:^7^;I/:;^;l/^nx;l/:i-4^>/^^;l/) r^h'^iy^m [4. 
4. 0. 1 ^ • 5 . 1 ^ • ' « ] -3 - 8- 

i/^U [A, 4. 0. 1^ - = . 1^ - io]^3-p 
■r-trx 8-^^;l/-8- (9 -~7"> F^-fex;b:^;l/4? 
x;l/;t4^>'><^;W T-F-^S/^P [4.4.0. 1 
' • ' . 1' • ^ M -3- FT^'-tr>:^^^W^C^ 
:6^T^^o c:n^t±2ai;(±^gr)fi^'&t3-ti-T^^fflLTt> 

[0 0 4 OJ <1f^*Mi*B>TfB^ (a) T^S^n^. 

1. 2- (2H. 3H- [1, 3] Xtff:/^P^>^) - 
K Fur-b-i^^f^UX 
[0 0 4 1 ] 

[ft 17] * 
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*Tf2S (b) Ta^n^. 1 

10 [0 0 4 2] 
Ut \ 8] 



S; (a) 
- (2H. 3H- [1, 

->'t: FP7i::f:7^ 




^ (b) 

xci. cn^co^g^cD/K^ii^^VNpy^jg^. 

St 1 ~ 1 ocij^fkjK^aTH^^nfcH^^^H^^^f 

20 bT^>J:l>o 

[0 0 4 3] <#^-^Mf*:C> 1 , 4-><^y-l, 4, 
4a, 9 a -x F-^k: FP:7;b;tl^>. 1, 4-><^y 
-1, 4, 4a, 9, 9a, 1 0 -^^^t: Fp7> F 
1, 4-^^y-l, 4, 4a. 9, 10, 1 
0 a— ^4^-9-11 FP:7x:^> F 11, 12— ^> 

y-^>^i/^a [6. 5, 1 . 1 ' ■ ^ , 0' ■ ' . 
0 9 . 1 3 ] 4 -^v^f^^r^, 11, 12 -^Z^V 

-^>^f>^P [6.6. 1. l^'^.O^ VO 
9.14] _4 1 ^ 4 1 ^ 

30 4 , 4 a, 9 a-'T F^t: FPS^^>y:7'^>. 1, 4 
4, 4a, 9 a -7^ F ^ FP;^;W^y 
— 1, 4--;?<^y-l, 4, 4a, lOa-xF^ 

[0 0 4 4] <#^#fi*D>lfS/<>P [2. 2. 1] ^ 
yF-2-x>', 5-^^;l/e->:i7P [2. 2. 1] ^ 
yF-2-X>, S-X^^l/eS/^P [2. 2. 1] ^ 
:rF-2-x>. 5-p< F^S/>?7;l/4^x;l/lfS/^p 
[2. 2. 1] ^7'F-2-X>. 5-><f^;l'-5-^ 
40 F4^S/:^;bjf^x;l'trs/^a [2. 2. l]^yF-2- 
x>. 5~7xy4^i/;^;l/7nx;HiS/^D [2. 2. 
1] ^>^F-2-X>. 5-p<^;l/-5™:7xy4^i>;^ 
;l/.i?-;l/lfi/^7p [2. 2. 1] '^rF-2-X>, 5 
-S/7yife/^P [2. 2. 1] 'N:/h-2-x>, 5 
-X^U-r>li v'^i^p [2. 2. 1] ^7>-2-x 
8-x^Ux>x F-^S/^P [4. 4. 0. 1 
, l' »°] -3-Fx't>'. 5-:7xx;l/t:S/^^P 
[2. 2. 1] ^7>-2-X>. 5- (.Z-i-y^ 
;W tiiy^P [2. 2. 1] ^7'F-2-x> (a, )S 
50 (D'm^^f}!^'^) . 5-7;l/:tPtf>'^P [2. 2. 
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[2. 2. 1] ^^h-Z-x.^^ 5- h U:7;l/:tn^ 
^;l/t:f>^D [2. 2. 1] ^7'b-2-~x>, 5-^ 
>'^:7;l/;^-DX^;Hf >^^P [2, 2. 1] '^7>-2 
-x>, 5, 5-v^7;^:tne S/^n [2. 2. 1] ^ 
yh-2-xx 5, 6-v^7;b:tDlfS/ira [2, 
2. 1] ^7>-2-x^/, 5, 5-lfx (hy7;]/;t 
P^f^;l/) lf>^^n [2. 2. 1] ^7'h-2-x>', 
5, (hU7;l/;ta;^^;I/) tfiy^n [2. 

2. 1] -.7>-2-X>', s-\.)jy;], lo 

;rnp<^;l/lf S/^o [2. 2. 1] ^:7>-2-x>. 

5, 5, 6- hU7;i/:tnes/^u [2. 2. 1] 
h-2-xx 5, 5, 6- hUX (:7;b4-n^^;l/) 
tfS/^P [2. 2. 1] ^yh-2-X>, 5, 5, 

6, 6--r h^7;b4-Dt:S/^ci [2. 2. 1] ^y'h 
-2-X>, 5, 5, 6, 6--rh^4^X 
n^^;l/) tfi/^u [2. 2. 1] ^yh-2-x>. 
5, 5-~zyyjl:tu~6, 6-l£X ( h U :7;l/;^-n>c^ 
;W Ifi/^D [2, 2. 1] ^>^h-2-X>. 5, 6 
-S/:7;l/:tn- 5, 6-tfX (hU:7;l/;tn>^^;l/) e 20 
S/^P [2. 2. 1] -n:7>-2-XV. 5, 5, 6- 

hU >';l/xj-p-5- hU7;l/:tP:?<^;Hf iy^p [2. 
2. 1] '^yh-2-x>', 5-7;l'^P-5-^>^ 
7;l';e-px^;I/-6, (h U ^^I'^tP^f^;]/) 

tfS/^P [2. 2. 1] •-^yh-2-x>', 5, 6~i^^ 
7;^:tP-5 — ^:/:$^7;^5?fP- i so-yPtf;l/-6 
-hU7;l/;tp^f^;l/t:>^<^p [2. 2. i] ^^Th- 
2-x>', 5-^PP-5, 6, 6- hU7;l'^Ptf>' 
^P [2. 2. 1] ^7'h-2-X>. 5, 6-v^^P 
p-5, e-\£X ChVy;V:tti:<^M tfS/^p 30 

[2. 2. 1] ^yh-2-X>, 5. 5, 6-hVy 
;l/;^p-6- hU7;I/:tP;>< h^S^e->^p [2, 2, 
1] ^yh-2-XX 5, 5, 6-M)7;l/:tP-6 
-^7'*:$?7;l';^P7^P4^4^S/lf S/i^a [2. 2. 1] ^ 
:/h-2-x>, 4- (kTS/^P [2. 2. 1] ^yh 

K 2- (2H, 3H- [1, 3] X tfS/^P^V^J?) 
-1, 2-v^t: FP7-fe-f7^lx> 

hUS/^P [5. 2. 1. 0^^] -S-x-fe^. T-h 
^S/^p [4. 4. 0. r * . r-»'»] 40 
X ^>9iy^x:i [6. 5. 1. . 0'-' . 0 

Ui/^p [4. 4. 0. 1'-' ] -S-^Vx-fe^^ 8 
h^^>':^;b^}^x;b'r h-^S/^P [4. 4. 0. 1 

[4. 4. 0. 1^-* . I'-'^l -3 — 
Fx-lr>. 8- n-7'PxJ^^v':;^;I/:nx;l/r h^S/^p 
[4. 4. 0. 1=-^ . T'^^] ~3-F-r-fe>'. 8 - 
><V7'p4C:^i>>:^;b.i?r:;l/7^h-^i/^p [4.4.0. 50 
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12. s jT.io] _3_p^^;y^ 8- n-y h^^^S/;^ 

h^i/^P [4. 4. 0. 1'-* . T *"] 
-3-K-r-tr>. 8 -^x/^^i/:^;!^/]^^;^^ h^v^i^ 
u [4. 4. 0- 1^-' . l^ '**] -S-F-r-feX 8 
-p<^;l^-8-p< h4^i/;^;l/vit^x;l/T-h7i/^P [4. 
4. 0, ' . r"»] -3-Fx■trV^ S-^^^;!/ 
-S-xh^^S/;^;!/^}^^^;!/^ h'^v'^P [4. 4. 0, 
12.5 jT.io] _3_|.*^^^^ 3_p<^;^_8-n 

-yp.i^rtiS/;^;l/.-p:z;l/xh'^i/^7P [4, 4. 0. 1 
. -3-Fx-feV. 8-^^;^-8— TV 

>^P4^°^=.S/:;^;1/>1^^-;1/T" h7S/^P [4. 4. 0. 1^- 
" . I'-'M -S-Fx-t^. 8-^^;l'-8- n-y 
F4^i/:^;l/3Kx;l/'r F^i/^P [4. 4. 0. 1' *. 
r-'"] -3-F7^^-trv. 8-y^;P~8-7xy4^S/ 
;^;l/4^^^;l/T' Fvi/^P [4. 4. 0. ' . 
jT.io;] _3_|*^^^^^ ^^^J^S/^P [8. 4. 0. 

S/i^P [8. 7. O: . 110.17 112.15 Q 

2.7 o^' »'] - 4-x-Yn-tr>'. ^7'^S/^P 
[8. 8. 0. 1'-' . \''- . r . 0'-' . 

^S/^P [4. 4. 0. . r^°] -3-F'r'fe 

8-7xx;l/-7^F'^S/^P [4. 4. O. 1^-' . 
17.io-| _3_p^^>y^ 8-;^^;l/-8-7xx;l/7^ 

F^S/^P [4. 4. 0. 1'-' . l^ 'M -3-Fx 
8-7;U:^Px F^'>^P [4. 4. 0. 1 

. r^°] -3-F-r'-t>. 8-7;i/^p^^;bT- 
F^S/^P [4. 4. 0- I' ' . I'-'n -3-F-r 
-tr^. 8-S/^7;l/^pp<^;^T- F^v'^p [4. 4. 
0. l^ '. r-^°] -3-F'r'fe>^ S-FU^^l^^ 
P^^^Pt-F^S/^p [4. 4, 0, P'^ . 
-3-FxMz>. 8-^>:5f 7;]/;^ px^yb-r F-^S^^ 
P [4. 4. 0, 1^ '' . -S-K-r-tV. 
8, 8->^7;l/:tP'r F-^S/^P [4. 4. 0. 1 

. r *"] -3-F-r-fe>. 8. 9-S/7;l/:tPT- 
F-^i/^P [4. 4. 0. 1^-* . r '°] -S-F-r 
•tr>. 8, 8-t:X (FU^yb^i-p^^^W xF^S/^ 
p [4. 4. 0. I' ' - r »M -3-Fx'fe>. 
8, 9~ifx (FU7;i/;i-pp<f^;W T-F-^e/^P 
[4. 4. 0. 1^-^ . l'-^"] -S-F-r-feV. 8- 
;><^;I/-8- FU:7;L/;tP;^^;Vf-F'^i^^P [4. 
4. 0. l'-'^ . r-'**] -3-F'r-fe>. 8, 8, 9 
- FU :7;l'::tPT-F^>^^P [4. 4. 0. P-' . 1 
-3-Fx"tr>. 8, 8, 9-FUX ( F U 7^1/ 
;^p^^;l/) ^F^S/^7P [4. 4, 0. 1' * . 1 

-3-FT'-tr>'. 8, 8, 9, 9-'rF'77;^* 
P-rF^S/^P [4. 4. 0. l'-' . 1'^"] -3- 
FT^^-fe^. 8, 8, 9, 9-xF"74^X (hy7;l/:tP 
^^^W T-F-^S/^P [4. 4. 0. 1=^'^ . l'-''] 
-3-F'r"t>'^ 8. 8-v?7;b:tP- 9, 9-lfX 
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(ihVyjV:^t2^'f-;]/) y^h^i/^XJ [4. 4. 0. 1 
. r *"] -3-Kx-fe>. 8. B-iyyjV^a- 

[4. 4. 0. . I' ''] -S-K-r-tr^. 8» 

v/^^D [4. 4. 0. P-^ . r-^"] 
X 8, 8, 9 - hVy)V:^u-9 - hV y;Vy^t2 ;A h 
+i>'rh"^i/^P [4. 4. 0. 1'^ . T"'] -3 
-Fx-trV. 8, 8, 9- hU:7;l/^P-9-^>^?7 
;\/:tt2:/x:i^:^i/r'h'^i/i/u [4. 4. 0. 1^'= , 
r -3-F7^^^X 8-7;b*n-8-^>^:7 
px^^^b- 9, 9-lfX ( h U a^^;W x 

h^i/^n [4. 4. 0. 1^ * . l'-^"*] -S-Ft" 
-fcrx 8, 9-i/:7;l/;i-n-8-^:/^:7;l/:^rF i s o 

[4. 4. 0. 1'-' / -3-Fx"tr>. 8- 

^Dn-8, 9, 9- hVy?V:tnr-h'^iy^tn [4. 
4. 0. \' ' . l^ '"'] -3-Fx'fe>. 8, 9~Zy 

[4. 4. 0, 1== '' . i^-^"] -S-F-r'-feV^ 
8- (2. 2, 2- hU >';l/:tnx h4^s/:;^;l/jn^^;l/) 
-rh^i/^^^p [4. 4. o. 1^'^ . T-^"] -3-F 
x-b^. 8-><^;l/-8- (2, 2, 2-hU^;l/:ta 
j:h^iy±ijV^^zi)V) r-h^iy^u [4. 4. 0. 1 
2.S -3-F'r-tr>:&^;^W^Ci::6^*tr^ 

[0 0 4 5] cn^i±^ ^^mmi^A. m^mmi^B^ 

^(Dv-^. -fiSS (8) fC^(/>T. h=K i=OV$> 
cD;9^^Xte^iSa (Tg) ?b^iS<:&D»^tt:6^fRj±-r^ 

\^ti^$>^. y^?\yi.tLrcmcijnj::^^iHti^mmcM 

(8) pfj. R' --R^ <Do'^ilM(D3-:>ffi7kmm^ 

[0 0 4 6] ^^tc. MStta^^^-flSS (9) : 
- (CHJ . COOR^ ' (9) 
[CCT. ztiffl#0-5TfeD>. i?fSL<tiO — 2-^' 

.-Sl^jffSH/V -fiSS (9) ^c:fel^TR* ' Tg^n^ 
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(9) ^c^^,^T. z ti±5zEcoj;^tciii^o~5T^^ 

[0 0 4 7] ^^^r, ±fB-SS^(8) tC:fe(/^T. — 
(9) Ta;^n^<lttm:6^^g^L/'cK^J[M^tc7;b4^ 

cDJ^^l^ti 1 ~ 5 -eft's C b < . L < 

1 - 2 . ^ L < 1 T^ft^So J:f51#S*Sf*D 

h4^S/::^;l/>1^x;l/x F-^S/^p [4. 4. 0- 1 

^•^ . r-^M -3- F-r-b^jb'^. id'^y^n^um.'^n 
Co 0 4 8] a^f*^cojSttg(o-&#fifr*. mmr^m 

<^ii o^;i/%t:^±'g'^n^o ^xcom^m^itim^m 

30 ^>«J;l/^b> -IKS (5) <7)R' — R* <D'P^< lO 
;b^»l4aTft^#^#Mi*:A. -SS^ (6) ft^lHi- 
fiSS (7) COR' gb<«R^ (0^>:&< 10;6^«i 
»T & § #^#Sf* B ft ^ V ^ ti^t^*Sf* C L 

[0 0 4 9] <ffi(o«S'&tt#«^*>#^¥s^*A. 

-*M#: B S:t/?t^#fi* C t^^m^trifc'P'^ji < i: t> 1 fl 
ft^l/>ti^^^C^NStC/SL;T^ffl^n^# 

40 S/^^p^^^-T^v, >'^P;t^T->. FVv'^P 

[5. 2. 1. 0'-'] — 3-•r•b>^ v^v-^P^^^ 
S/^X Ht^DS/ ^ P ;t U 7 ^ C t ^^'^T ^ ^ o 

iy^a:i'uy^y^(Dmmm'?mtLxit. 4-2 o*w 

^L<. ^6tCi??^b<t^5-l 2Tft^o ^^l^. 

x^u>-#i±tss/^x>«a^<*. .-Kuy^v 

A. #«#fif*BS:a^W^#M{*C;!)^?>iitfn;rc->:S:< 
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[0 0 5 0] <m^^i^mm^mwA. ^^mmt^BR 
e(Dit-^m^^m(^^tirc^p^j:<tt>imt. (b) -r^ 

. II A^^^ m^l^Ug^ C a^&H) . I I B 
mjim m^l^Zn. Cd. Hg:^^) .III BffiiTt: 
^ (M^tf B. A 1 . I VAmriM (PxtfT 
is Z r ^^l^ti I VBj^:^^ S i . S 

^ikM(DmuM (c) ff^mu-^nrct,(Dv^'z>r^^i^\ 

[0 0 5 1] (a) ^5^i:LTiia^W. Uo&^hHt 
R ^(Dit'^^cOiXmmtLXli. WC Is . MoC 1 
5 . R e O C 1 3 ^i:^m¥ 1 -2 4 0 5 1 7 ^^fgtc 

(b) f&^(Dmi^mtLri±. n-C, H9 Li. (C 
z Hs ) 3 Al . (C2 Hs ) 2 A 1 C K (Cz H 
5 ) 1. 5 A ] C I 5 . (C2 Hs ) A 1 C 1 2. 
;b7;l/^:4^-9->. L i H:^^'qfPJ^l -2 4 0 5 1 7^ 

StC^P^W 1 -2 4 0 5 1 7^^SJlCfB«cr){[: 
[0 0 5 2] ;^^?•tre/Xfi4^gco^^fflS^bT^i. ±fE 

(a) jmhrn'^^mwA-^x^ axT. if^¥«i*A- 

C0t;H:b-e. (a) : #^-*ft^*;6^ ffi^ 1 : 5 0 
0-1 : SOOOO^^^^H^ »^b<ti:l : 100 
0-1 : 1 0 0 0 0 ^JSr^lBS^^n-So (a) imi:. 

(b) ^^^^OgiJ^ti. ^Sj[l?JtT r (a) : 

(b) J *M : 1-1 : 5 0. »Sb<ti 1 : 2-1 : 
SOcOlBH^^n^o (a) ^^^^ (c) )^^}l(D'm^ 
^;L/it-e r (c) : (a) J ;b^0. 0 0 5: 1-1 
5 : K »SL<tiO. 0 5 : 1-7 : 1 cO^ffl^^n 

[0 0 5 3] • ^^^ai^gp^j : n^W(D'^Tm<Tymmx 
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l-^r^x l-^>-rX l-^:*^'^^. 1 -^::^'r 
l-^t'^v-y. l-y^^>. 1 -•x-fe^'^SrilfOa- 
a^SiStc«^ns#^*M^ 1 ^:;l/Ji:«LT 0.00 
10 5 — 0. 6^;K »$b<t±o. 02 — 0. 5^;i/i:^ 

[0 0 5 4] • P^l^fi'B'SJS^Jg^K : B'&SJStcfei/^T 

^y^y^ h;l/x>. x^;l/^>4f>. ^;>< 

y. mit^^'^Xyy. i/^uujL^y^ ^^'9-:?<^UV>? 

ft^^^ ; g¥^xf^;K i^e!n-:/^;l/s i so-y 
>^atf:tVSg^^;K h+>^x^>:S:H£Dia 
fO:^;i/jn^>^xxx;i/» ; >?y^;vx— 7";K x h 
\^xny^y, i/V h4^v'X^>:^^'^Dx— r;l/$i^^tf 
c:neti#J4t=*^i/Hi2at<±^#fffl 

^*fii* (Sfiib) ii^l : 1-1 0 : 1 ^^^M 
30 ^^n. iffSb<«l : 1—5 : i^^^^fi^^n^o 
[0 0 5 5] ' fi^^(?)7j<^SsAD : J;-(±c7)J:'9tcLTf# 

^h^x^^t\ m^'r^:^\yy-(y^^mQ^^^7K 

mtUL. c:ntc«JE-3 0 O^ffi. «F^L<ti3-20 
0^BEc07l<^;^*X>&0 — 2 0 O^C. b < ti: 2 0 — 1 

8 ovxi'fm^'^^ctic^'Dxnt>ti^o 
[0 0 5 6] 7mmummtLx\^t. mm(D^uy^y 
40 itit^m<D7i<.mmuKft>icm\^^^ti^^<o^i^mT^ c 
tff^x^^o co:>7mmi}nmmti.xit. ^i^-^mm 
Rzfm-jf^mmff^'j^^x$>^o ^i^-^mmtLxi^t. 

/i^t^^L.. x>y^;K nS^'^A. ;l^r-x'>i:.:& 

^fc. i^-^M^mthxit. i'yr'ym::^y'r?vy 

h/hUx^;l/7;l/^x»>A. :t^-r>Sn7^;l'h/n 
-y^jW^^yi.. /'tyiy'^uV F/v^x^;l/T 
50 ;l/^x»>A^y^nU h\ fff^a>?»>A. >7crahUX 
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(hU^x^^l/^X^-CV) aiz-'i/A. v^i/aDh-'jX im^l,<li2. 5 — 5. Iflc^SK ^±2. 5-4. 

•^f* •• jmmfjamm mmit) i : i x i o- * - 

I : 2 ir^-stij-^T-ffiffisn-So [0 0 6 0] ^^^mmm<Di3'77M^u.m. (t g) 

Co 0 5 7] 7i<^^io-r5i:i:tcj;t)ff p.ns7i<^?Sio a. il^as 0 — 350°C. j(f$b<ttlOO — 250 

« 9 8 %«±T'^§o *^fe^o 

[0 0 5 8] ;5:4o. #^^St*:A. i|f^#Stt:BSb< [00 6 1] *^B^tDl^Bg<D 2 3 °Clc*5tt5®ft!R7K^ 

«#^*a#c{cft5K-rsiiji*©acf'(7)^siii4, ± a. ii^tio. o s- 1 s«%s »$l<i±o. i~ 

i27j<^^AnSiStc<fcoTfeiiM6?jfi:7j<^^AD$n*i/-'C 0. 7a«%. $e>tc»$L<ao. i— o. 5aa% 

^u7^'yttft-^t;c07j<^^insiS«D^#^ffit/^n{fii 20 m^irmm. ffifflM^ffiffiSi<oi^-ttfesvH±vr 

©^is^DM-&*^siawii:7k^^An^n*</^*#*a*?-r mm±mm<r)mm<Dm-^\z.mmt'^^\^^. -75- 

S(li:A'ia*H,v lfi«%^S^«i:. ®7j<fc<tti)t^#tt<D^{t^^J* 

[0 0 5 9] <m^wsiy )\^^^)\^^yjkmm<D^n>:^^ ^{t^ec l^-t < ±fe<7)gsft®7j<*tiA 

W<o«BgcD3 0°C(^):>DD4-^;^Al^I-^?S!lSL;feHWtta[ 30 s tmd 5 7 oictPSab. 2 3°C7k4'T 1 MF^aMbr 

(Tji.k ) {J. 0. 2-5 d I /'g-ea&Si:i:A'!»Sb tiADfiS^iiJ^-rSii i:tcJ:0*46^nfcfiiT-feSo 

t/\ ?e.fci!f*L<l±0. 3-4 d 1/g. #»i:ii?SL [0 0 6 2] *^H.S®<fflg<DS P<1 (?g<5?S7^^^-^f 

<ao. 5-3 d l/gT*^«„ 5 d l/g^C^S -) a. »*L<a 1 0-3 0 (MP a'/ O V ^e>lC 

m'm^mi}m<rj:i)r'^. )!;DXftAl^ftb»*b< $7*L<1±1 2-25 (MPa'^O . #lcj!ftL<tt 

0. 2d \/g^mX'^^iLy^jVLmm.m&T 15-20 (MPa'-'O T'^-5o S PM^^SSHtC-r 

^u-?h'!f'7y^— (GPC) T-aiJS^n^d^UX^U- tc7'<';l'A^iiB#lc^^LTS3tT-#s tte-tlS^^-;!/ 

y^n<Dm.^m^^m (Mn) A^ Jims, coo- A<33#ttt.i^--eS?>li:^»^jg«tt-^. »Si:<?3S-a 

1. 0 0 0, 0 0 0. iJf$L<« 1 0, 0 0 0 — 5 0 tt%t#^ili:t.T'#. j§a[*?R7i<^^3>'ha— ;l/-r-5 

0. 0 0 0. ^efC^(fSL< «2 0, 00 0—1 00, 40 CJ:A^Bl^t*S„ 

0 0 0. #{C$(?$L<«3 0, 0 00-1 0 0. 0 0 [ 0 0 6 3 ] <j^AD%>*^B^<r)<tflgJi:tt. 3!|B«tt • Bf» 

0. $fc. (Mw) t±. a««2 0, 0 tt^«:S:te=5:V^®H-??i;^ai«f^pr^1t^^Hi. f^RliiltJC 

00-3, 0 0 0, 000. »$L<a3o, 000- ^xhv-. cii^vM-^w. mmm^?'. mmw&^^ji 

1, 0 0 0, 0 00. $5>fCj?f$L<tt4 0, 0 0 0- if^K-a-L-T t^l/^o Si^c. *^B^(0<^)iil<:a. ^{tlS 
5 0 0, 0 0 0. #tcjlft L<t±4 0, 0 0 0-3 0 ±^J^cO?$i!)nmif^^J!)DLTt.m< . A>*^5iE{tl5S± 

0, 0 0 0£O^HTa&5<, Mw. MnA^±fe$gfflci;!5:;*c ^MOrSiiia^iJi; LTti. Wl^tf^<^{t:-&'ii*^W?>n 

AMST-rsc^A^^^o $fc. i^^mi>^mi. ±m<nu xy-;K 2, 2* -v'^^v'-3, 3* -i/*-t-:/ 

w/Mn*^il^l. 5— 1 0. Jf$b<a2— 8. 50 ^;l/-5, 5' - v';><^;l'S?7x-;l'^^>. T^h^^ 
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X (3, 5->^- t-:/f-;l/-4~ll 

Fn4^S/7x~;W yotr;d-:^-h] p<^>. 1, 1, 

^>^^7x-:^;l/) 1, 3, 5- hU ;?^^;l/-2, 

4, e-hUT; (3, 5-i/~ t -r^;l/-4-t: Ko 
^V-tfV, XT-7U;b-j8- (3. 5- 
t -yf^;b-4 -11 Kn+->:7x^;l/) yntf;t^ 
-h. 2, 2' -v^:t^S/-3, 3' -Sz-t-yf-;!/ 
~5, 5* -S;^x^;l/:7x-;l/;^^>', 3, 9-t:X 

[1, i-v^p<^;b-2- (jS- (3-t-:^^;i/-4 

S/) x^;l/] . 2. 4. 8, 1 0--r h^*4^Xt!n 
[5. 5] ^^/'ffi'y^ hUX (2, 4->^-t->^^ 
;l/7xx;l/) >:^X:7T-f It-f' ^ U > 
xh'^^yl/lfX (2, 4->?- t ->^^;^>^xx;l/) 

(2, 6->^- t ->^^;l/-4-^^;l/:7xx;I/) .-^X 
y^r-Yh. 2, 2-^^b>lfX (4, 6->^-t-:/ 

'Wmmm\'^Z, 4-i^t:Ha4^i/^>V:7xy 

X 2-11 Kn^^S/- 4 -p^ h4^v'^>y:7xy > 

:y^1SBgi 0 o«Mgptc5*bT. o. oi-sS 
cn^^j^Lfcm. +-vu-^-*^e> 

~9 0fi*%. »^b<ti 1 -5 0aM%. ^?)tci(?S 
b<til 0-3 5«fi%tCt-^o M<§SgcOfiS^±ga^ 

tis W^\t 1 — 1, 000. 000 (mPa-s).if? 
SL<ti 1 0— 1 0 0, 0 0 0 (mP a • s) . $?)tC 

b<til00 — 50, 000 (mPa-s). 
^^SL<til, 000 — 40, 000 (mPa-s)-e 



24 



[0 0 6 6] l^ffl-r^rgii^bT^i. ^^HzV. h;bx 

x^;l/-lrny;l/:;r^ 1 F4^S/- 2 - >^n/V— 
co-feu y;]/^^^??^®. T^Y 

5/^7a^4^^ty>x ;><^;l/x^;l/^ 4-^^ 
;l/-2-^>^y V. ->^n^*i?-y x^;l/S/i7D 
^4^'9-y>'^ 1, Z--J:/^=f-)\/i/^xi^^^i/mo:>^Y 
yW^Wk. ?L^><^;b. ?L^x^;b^coxX'r;l/^Jg 
jg. 2, 2, 3, 3-7" h'^yyb^tn- 1 -yp/^y — 

1 -^>:$?y-;l/. 1 -y:$fy— /^^(^Z;!/:^— ;!/ 

[0 0 6 7] sfc. ±fsi;^^T^>. s pffi cmmm^^'^ 

^-^-) *^3l«l 0-3 0 (MP a'/ O . »^b< 
til 0-2 5 (MPa*/ O . ^e>lCjffSb<til 5- 
2 5 (MPa^/^ ^ mcitf^h<itl 5 — 2 0 (MP 

20 }g^«#31fiTfe^VHi2ai;(±^ffibTffiffl'r^C 
T(0 S P{ili?)«BH;^±fB«i5HF^^-r^ C Ll^ 

mm<Dmm^m'^y^ I . W2. ^/-c. spm^spi, 
s p 2 tr^tm^mm(Ds piatiTiB^ : 

S PM=W1 • S P 1 +W2 • S P 2 

[0 0 6 8] ±$E(Dm^mm^i^mT^m. ^mM(Dm 

mm. &mmRxinmm(DSpm^^n'en [spfg: 
<ssg] . [s pfii : &mm] Rzf [s pffl : n^mi t 

LT. [SP{I:1tlig] ^ [S Pfit : cOM?bW 

<i±3 i^TFcDrnm-e^ ^ . [ s p fi : mm] t 

[SPffi:a?SiSE] <^M*WSb<ti7J!X±. ^Stcjif 
P ^ [SP c7:)M:^W^b<ti3W 

40 ±. ?e»jc»^b<t±5i:<±. ^e>tc»sb<ti7W± 
[0 0 6 9] n^m(Dm^mm^ici.isb^wi^ 

50 cfcDisi^cii^w^H/^ mmm^yji^^-ji^^y^mm 
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^^mT-mm-r^m-^o^uAii. ssT't.i«ST-t j; coots] mt^micn. ±nE$¥mm(omm^ma-r^ 

iH'micit^i^rm^t^m-^iai, ^^mimn. m o o i »sb<t±o. o o o i lu,±. * 5.jc»* 

titymmx'^^t^ m^i^. yymmy-:^:yn^mn. ^^t*v^«fl§(o^¥^§col4^@lgffl;6"^ji««o. oi 

'^^7->VJVmm^]y'^Vy^m. i/>Jn->?^U ~1 OOO/ti. »Sb<ti:0. OS-SOO/xm. ^5. 

'^'J y^SiJ*if*^<£fflT^5<, fcjlf S L<tt0. l~100f£B. L < a 0 . 

lo 0 7 01 :^^BMcoytm^y'f)iL.^mm^^'Xhm lo 5-5 o /xm<Di5Hfc-rsci:T\ {g^sA^^'jSifi^fiii: 

^-^^^fflLT^SK^A. X^-;l/--<;bh. 4<yx9^ ^*^0. 0 0 0 0 1 ^liT^ofcOs $fc. ±fe?4^g 

b>-rU7^U'-h (PET) ^4?yx^ix>':f7?u *^o. 0 1 tim^mx^^tmiifii^mwimm^it^T 

— h (PEN) l?©jKUxXT-;l'7'r;l'A. d^'Jxh^ SCD*^ailT-fe»?. —73. JifHIi^SAM OOO/tm^ 

x-f ■ylfi'^^HtD^g^gr^t/^r, 1^ [0 0 7 4] $fc. ±!a^P^S?g<DlSBg<D^*DMa. Ssf? 

^^K>y'f)i'i.^mn-r^ctici:K)m^-r^ct>bx 20 0 oassBic^ifL. a^wo. 00 i~i ooassp. 

^$iJSIbT*>J;t,>„ 0. 1—5 OfiMgP^ #{c^!fSL<a 1 ~2 SMMgRT 
[0 0 7 1] »«i;LT4«UxXx;l/7-c;l'i=>^ ^DS*^0. 0 0 im&^^mx$>^il. 

iga^*<^l|g^3— r-f^ ^'^5 5:^-1- IC it) ffl/f-r [0 0 7 5] -73. 7f ^-i:LTarUlg<D^^7^'^ 

[0 0 7 2] ±fs?g!«*a^-rsa«> 30 ^*D«a. ±faifieig(D<^)ii^^*n-r5«-&i:iRi^-e^ 

SffitC-y-^K^-y hMa-^x^jJi'XMS^SSL/'ctCD^ if. jKiJ;;<:Sfi/iJ;l/ig/^;V (PMMA) . Jf^UX^U 

Sii-r-g.il ±f2co<fc-5tcLr)tii£»«tg;gr Tl±. ^IJAtf, S i O2 . T i O2 . 

H^r^m-^it. i&m&i}^^mmmt£x<Dyt<Dmm^^ z nOa . a 1 2 03 m<D^mmim. h^t.. 53s* 

e^bTiiit-rs^^tt*^^. -^(7)::*:$5TiHiia;&f^;^ EmtL^^mf^^t.ffX'^^0 

■r5<ii:*wsn,^„ cKOB^tomiiatDj^tcoo^Ttt. [00 7 6] ±fs^gij+-^xh?£<oi£^ imnm^') x 

a^tt^ffiffl^ ('^•'i:^^¥±§ils^ : Ra) *^o. 0 40 m^i^^WL<nu-'y—:^ft\^x^mm'^^mM-^^ 

oi-ioo/tm. !!?sL-<«o. oo5~io;iiii. ^ ^ysmmx-mmx^^ti^ mkTM\cis\.^xm^<r)m^ 

?>tj(f$L<t±o. 0 i~i /im. #^c^^f$L<^±o. tc#t^^?g*^^^rsi:s >''<';i'A01ftt^#b<{6T 

0 5~ 1 /im-efeSo R a<Ofil*^0. 0 0 1 /iin*j«j&S ^-fr-ScDT. cin«rjet?-Sfc«6tC. ^i^XSJg:2gW± 

€t£:<t,\ 7U4^;l/U>'X"©J;'5^U>X'^tg* ;5Ci:*W*Li/\ vt^my-f ^vL^'^oi^nwmm 

iw?g<DffiBg^7^'^-^?^iiDUi^-{t:Lfcfecr)^+^ 0. 5mm%&rFx-$>^. z cx\ mmmmmti^ 1 oM 

y-fji'i.^mmr^ctti^X'^^, so ^:#^^:igBf^cJ;s^^j^^^b*':^^<*o^^?SL<:&(/\ 
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[0 0 7 7] mi^T^mniM^wmicn'ircib 
10—0. iaa%. ^ffSL<ti5-o. iaa%. ^ 

e.tc^fSL<ti 1 -0. 1 aM%tC"r^C ^;6^$>;g>o ?g 

[0 0 7 8] ^^m(Dytmmy^j]yi.<Dm^it. mmt 

0. 1—3. 0 0 0 /xm. »$L<tiO. 1 — 1, 00 
O/xm. ^6^CieFSb<ti 1-5 0 0 //m. :gt>»^b< 
5 — 3 0 0 ^inTfe^o 0. 1 /xm^jS^OiP^CQ^-a-IS 
«6gtC^N>FU>y;6^S|lii::^;So 3, 0 0 0 /x 

nLr±2Q%i:A^^ »Sb<ti± 1 0%J;^[^. ^etc 
»^ b < ti± 5 %\:AP^. mcff^ L<lt±3 
So Sfc. 1 cm*fct)iOP^tO^I&(i:. il^ti 1 0% 
J;^T. »Sb<ti5%«T^ ^e)te:»SL<lil %J;^ 

[0 0 7 9] :^3iD^0^^- 

[0 0 8 0] *5g0^c>f4tB^7^;l'A^ia3tTS/'ca6cD 

^#)iJgti:ii^ti 1 - 5 , 0 0 0 
t). »SL<ti50-l, 000%/^>TfeDs 
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^SL<ti 1 0 0- 1, 0 0 o%/:a^T^t). 
b<ti 100-500 %/:9^T^^o 

|fI^2:^fR]ti:]Sff*tT5^^^-fft^f«^^-Sl5Jco 

J^^^tiS/ca4#tcPI^ti^n^Q:V>;b^\ 12 0- 

10 5, 0 0 0%/5i'Tfef:). ^ff*L<ti5 0— 1 . 0 0 0 
ro/^^-r^D. ^^t^:i?fSb<ti:l 0 0— 1, 0 0 0% 
#tciff^L<ti 1 0 0-5 0 o%/^-tr$» 

[0 0 8 1] 5£ff*DXSSti. #tcPI^^n^ t^CDTHi 

T. ji«ti:Tg±3 0r. »^L<tiTg±l 5 "C. ^ 

?)tc^i?^L<tiTg-5r-Tg+ 1 5'CCOIBST^ 

[0 0 8 2] ^w^^ti. m^coiftttr J: f:)^^^n^ 

fci6^tcPI^ti^n^l^;b\ a^ti 1 . 0 1 — 1 Ofg. 
»SL<ti:l. 03-5^. ^6tcW^b<til, 03 

-3^-rfe^o mmm^ff^x om±T^^^. fifflM 

^iO$S?$aibT^>cfcl^:b\ T g-2 O'C- T gCOfflS 

HH^Ttc^^^ < ^ t> 1 0 #j;^±. iff ^ b < 3 0 #— 
6 05j^F^. ^^tc»^b<ti 1^-6 O^P^f^i^bTt: 
— h-tr^y h-r^cl^;6W$bV\ cinicj;^^ jgjDt^O 

[0 0 8 3] ^#iDX^Sa^^l/^il'&cD*fgB^tD>fe^ffl 

:7^;l/AcoAnlKiJc<fc:5^SiK3HI^«> l0 0'Clc*5tJ^ 

Aoi^^ 5 0 0 Btr^ff o /-ci^-a-tc, 5 % j^:>(T. iff ^ b 

<Ci3%J;(T. ^e»tciff^b<ti 1 %t^T^ #tciff^b 
<tio. 5%J^-fTfe^o ^/-c. *^0^<7)ffitBM7-^;l/ 

AcOAD^trJ;^\r^iRli^^i^ 1 0 o'Ctc*5tt^Ap^^ 
5 0 OBfmTo/'c^'&tc. iimi o%J.:<T. »^b<ti 
5%J:^^T. ^e^c$ffSb<ti3%J;^T^ #tc{ff^b<ti 

[0 0 8 4] ±fScDcfc9tCbT5S#b/c:7^;bAti. S 
ffltc J; D^^^:6^iafpJbjg}i>tM4tS^^#^S J; -5 

50 iSfpl:6^$»;5(DT% S#fg^J&SM-r^<li:ti:cfcoTF;fig 
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[0 0 8 5] ±m(D^'?\cm^i.xmcmmy-^)\^K 
^-^(D'^^mm^mmr^m^^^t. mmt i - 1 o , o o 

Onm. »^b<« 1 0 — 2, 0 0 0 n m. ^ tC»$ 

b<til 5— 1, 0 0 0 nmT^^o S/c. feffill:7^ 

[0 0 8 6] 2Sg5 5 0 n mCDSil^t^fe^BM 

Re (5 5 0) ^JgS4 0 0 nmcOSi@7t(7:)fitiMR e 

(4 0 0) t(Dtt : R e (4 0 0) /R e (5 5 0) yb'^ 
1. 5-1. OtO^mc^D. ^O^-^lufSfuffiMR e (5 
5 0) ti&SSOOnm<Dmm^<DfiL^mRe (8 0 
0) (Dit : R e (8 0 0) /R e (5 5 0) . 0 — 

0. 5(Dmmic$>:^t. m^Bm7jkm'?m(Dimm^t{. 

[0 0 8 7] Ao^T. ^^y ^ jVL.(r)m\^lc$>:^mffi^ 

m^Nx. NyRZfNzVmLtct^s (NxH-Ny) 

0. IJXf^. <^D»$L<ti±0. 0 \ ^ ^iciff 
^L<1±±0. 0 0 5iyL\^. mcitf^L<lt±0. 00 

[0 0 8 8] *5l0^<r){4fflS:7^;bAti#?4T\ $>;g)l> 
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m^f^n^o *fc. ±m(D&.m^y'<^i^i^Rrfmmm 
10 moy^^vj^i^-h. s^^^Et(Dmm(Di'fM^^ 

[0 0 8 9] <mmmm^M^^^^my >c)\yL.>^ 

tzitXDMUtl^rit. Sn. In. Ti. Pb. Au. 

pt. AgmcD^m. xi^itn^(Dmit^ffi-'m^icm 

^n^JcPS^ti^n^S:^^:^^. ilSti 10—10, 0 0 0 
;r>^*X hn-A. ^^f^L<ti5 0 — 5, 0 0 0;t>y 

CO 0 9 0] :^^m(D^^my^j\^L.i^m.mmmmmm 
^iBf^^r^m^. mmy^ji^i^tmmmmmt<DmicsZ^ 

^^Vf^i^j:.^. yx,y-jvmm. 4^Ux-t";^x— r 
#co l/^ ^ 7 ^ U ;l/7' UiK U H ^ b T# 

[0 0 9 1 ] ^^mmmmmmm^m-r^y^my'^^i^ 
7t)^T^^o :^mM(Dmmmmm^^t'^ytmmy jiL. 
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it. {i7^7^■;^A^^:fe?.fc^6T^utSM«^ft5-a■■rs^K^S 
[0 0 9 2] Sfc. *^B^<DJSB^a9«S^#t-57t¥ffl 

::i;I/7;l/:3-;l/^cr):^'X/^i;7'I4«S%. '>^< 

[0 0 9 3] <S«ISS±Jl*#-rS^^ffl7-f;l'A>* 

-a-7 ^Ib-^^^* if J; f? W^3^<DSS^I55±^% 0 . 
0 1~1 0 nmm&(Dm^-V. 3— T- 

x-c-y l^>'^^^^to;^^^^i:J;Do^J■SCi:^b^T 
#5. SWKi±S<OJP*ia. ii^ttO. 0 1-50/1 
m. »SL<ttO. 1 ~3 0 /im. ??)fi:i!f$L< a 
0. 5 — 2 0 /imT'$>§o 0. 0 1 /t m^fejiTJfeS 

[0 0 9 4] $fc. ^^H^cDSiffAifcil^WrSJfe^ffl 
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.fc ^ icatS^f^fcg^Sr^-r 5 C i: ti: J; t) . *fgB^©SI4l55 

±m^m'r^^my'f)\yi^<'t. m^i^m^w^mi'ic 
mi^itm^. Rm^±y^f\^L,ti^mm^. ytihWi.y^ 
jvl.. iB^ii^umy -{ fvi^ib^^-^immmw. mmmm 

[0 0 9 5] <m^>^mM<r>^^my^^i^i^ii. 
mjs^ . -fey— >3>. mmmmm'f'<:^yu-f^ 

HtC«l,->SCi:*^-Z?^«o *:^c^ CD. CD-R. M 
D . MO. DVD m<Dft'f'< X (7312® • S^^BtCffi 

[0 0 9 6] 

20 t/^T. rg|5j RO= r%j tt. ^lcKDcO:fe(/^PID Tfia 

W'yl^W^Um. (Tg) ] •fe^3-^'vX'y;l'y>''y 
tt^. ^M^SI^MIt (D S C) ^ffl^^T. S^^H 
^. 2 0°C/5J-<0^ft-e»J€L:fc. 

[ISftieSTk^] ASTM D570 JcipRlL. 2 3 'Cn 

30 — : HGM-2 DPgi^^ffltTiiJ^LfCc 

[iSii^fiDfittiM] 3E?ltSiMi§atyK O B R A - 2 1 
ADH. ^ea'tcKOB R A-CCD^ffll/>TMjM3*(0 

Re (m) /R e (A) x 1 0 0 

R e (m) : mizM^L < iim4MMtw-mm(Dm<Dm^ 

40 Re (A) : W-i^m 

[0 0 9 7] <'^mm\>S->ii^)V-8-y^h:^iyi3 

[4. 4. 0. 1' ' , 1' '°] 
-3-K-r-fe>' (#^*fif*:D) 2 0 0gPi;. 5- (4 
-tr7x^;l'*;l/5p-;l/:!i-^>'><^;W tfi^^a [2. 
2. 1] 'N7'h-2-x> (#S#S«:A) SOgPi;. 
1 -'N^^-bv (^i>^SPIi5SiJ) 1 8g|5i;. h^l/xv? 5 
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